Discharging waste without removing harmful compounds can lead to serious environmental and health issues. Despite of the high content of pollutants, wastewater environment can become an ideal condition for the growth of several microorganisms. Some species of microalgae have been found living in palm oil mill effluent (POME), making it suitable to be used in biological treatment. However, the ability of microalgae to grow and its composition characteristics in synthetic media are unknown. Therefore, this study evaluated the growth characteristics and biochemical productivity of Chlorella sorokiniana UKM3, Coelastrella sp. UKM4 and Chlorella sp. UMACC324, which had been previously isolated from POME. Bold's Basal Media (BBM) was used as the medium for cultivation. The experimental works were performed in a lab-scale photobioreactor at room temperature under continuous illumination for 14 days. From this study, Coelastrella sp. UKM4 showed the highest value of growth rates (0.52±0. Keywords: microalgae, growth, biomass, chlorophyll content, lipid content Abstrak Pembuangan sisa yang tidak dirawat terlebih dahulu boleh menyebabkan isu yang serius terhadap alam sekitar dan kesihatan. Walaupun kandungan bahan pencemar adalah tinggi, air sisa boleh menjadi habitat yang ideal bagi pertumbuhan sesetengah spesis mikroorganisma. Beberapa spesies mikroalga telah dijumpai hidup dalam effluen kilang minyak sawit (POME). Ini menjadikan spesis mikroalga tersebut sesuai digunakan dalam proses rawatan sisa secara biologikal. Walau bagaimanapun, keupayaan mikroalga untuk bertumbuh dan ciri-ciri komposisinya didalam media sintetik adalah tidak diketahui. Oleh itu, kajian ini dijalankan untuk menilai ciri-ciri pertumbuhan dan produktiviti biokimia bagi Chlorella sorokiniana UKM3, Coelastrella sp.
Introduction
Algae represent diverse groups of photosynthetic organisms with various sizes and shapes. There are two major types of algae, (a) Microalgae: unicellular and microscopic form of algae with the size of 3-10 µm, and (b) macroalgae (giant kelps or seaweeds): multicellular organisms and the most complex form of algae with the size reaching up to 70 m long [1, 2] . These primitive chlorophyll-containing organisms are unique and can be found in various habitats on earth where light is available with little moisture, even in unusual and extreme conditions. Interestingly, algae have different ecological roles, where some algae are attached to other aquatic plants or submerged rocks, while others are found floating in the water. All aquatic animals are dependent directly or indirectly on algae since algae act as the base of the food chain, converting several nutrients into organic matter and oxygenating the water. For instance, aquatic life such as fishes depends on the number of algae. There would be no fish if there are no algae in the lake. Furthermore, the growth of algae is heavily influenced by a number of environmental factors, such as the amount of light penetrating the water, nutrients concentrations, temperature, parasitic relationships (bacteria or fungi), and also salinity of the medium growth [3] [4] [5] [6] [7] .
On top of that, algae are able to manufacture their own food through photosynthesis like any other terrestrial plants. However, algae lack complex tissues and organs, such as stems and roots, which characterise the complex green plants [8] . These simple structures give them the ability to grow rapidly, doubling their growth within a short period of time. Other than that, algae are efficient in capturing solar energy and utilising carbon dioxide (CO 2 ) from their surrounding compared to trees and other green plants [1, 9, 10] . CO 2 plays an important role in microalgae cellular activities. In fact, approximately 50% of carbon is present in microalgae biomass and this carbon is obtained from the utilisation of CO 2 [8] . Furthermore, important biochemical, such as polyunsaturated fatty acids, pigments, lipids, proteins, carbohydrates, and vitamins, can be extracted from algae to be used in the production of high-value products such as fertilisers, cosmetics, and drugs [11] [12] [13] [14] [15] . Moreover, several different systems are available to grow algae in industrial sectors, namely open ponds, covered ponds, raceways, and engineered systems (photobioreactors) [13, 16] . The comparisons of open and closed systems [17, 18] are shown in Table 1 . As the world energy demand still depends heavily on fossil fuels, the global oil reserves would eventually become exhausted. The escalating price of oil also has caused dilemma among industrial activities, transportation sectors, and residential needs [19] . Furthermore, the search for suitable biomass from available food crops for biofuel production has indeed generated a lot of controversies. The use of agricultural land solely for biofuels production causes limited land available for food production. Thus, food supply becomes limited and eventually sparks hunger issues, food arguments, and sustainability issues. However, the ability of algae to have high productivities, grow easily in the brackish or marine environment, does not need agricultural land and does not compete with edible oil crops makes it suitable to be the new source of biofuels. The land quality and soil fertility is not an issue in cultivating algae because algae grow in water, not soil [20] . Microalgae lipid in the form of triacylglycerides (TAGs) can be transformed into biofuel products, such as methyl ester, biodiesel, and gasoline substitute. Seaweeds biomass also has been considered as a new source of biofuels in the form of biomethane and bioethanol [21, 22] .
The release of untreated wastewater into the water bodies and high concentration of greenhouse gases in the atmosphere have caused climate change, threatened the global environment, and sparked health issues. Various methods (physical, chemical and biological) have been applied and compared to treat the wastes produced. Previous studies have asserted that the most effective and environmental friendly method is by using the biological approach. Biological treatments rely on microorganisms, such as bacteria, to break down organic wastes by using cellular processes. Apart from using bacteria, microalgae are one of the options to be used in biological treatment. The use of microalgae for the removal of pollutants and CO 2 in the wastewater is known as phycoremediation [23] [24] [25] .
In Malaysia, the increasing demand for palm oil has directly increased the amount of palm oil wastes, such as empty fruit bunches (EFB), palm oil mill effluent (POME), and fibres. POME is a viscous and acidic brown liquid that releases highly unpleasant odour. It is the most expensive and difficult waste to manage compared to the rest. Typically, POME contains high concentration of total solids, organic and inorganic matters, oil, and also heavy metals. The high amount of organic matter causes high level of chemical oxygen demand (COD) and biochemical oxygen demand (BOD). However, some species of microalgae have been found living in the POME environment despite of the high content of pollutants. These microalgae use the organic matter in POME as nutrient for growth. The ability of microalgae to adapt and assimilate nutrient, as well as grow successfully in POME have made them suitable to be used in wastewater treatment. According to Ding et al. [25] , POME-isolated microalgae, namely Chlamydomonas sp. UKM6 was able to reduce 29.1% of COD, 73% of total nitrogen content, and 63.5% of total phosphorus content in wastewater. Meanwhile, Tamil Selvam et al. [26] reported that Characium sp. isolated from POME was able to reduce 88.6% of total nitrogen content and 98% of phosphorus content in anaerobic POME. Besides functioning as nutrient removal, the biomass produced from microalgae in wastewater treatment can be used to produce multiple useable products [27] [28] [29] [30] .
Although these microalgae are able to thrive in POME, the adaptation ability of each microalga is varied from one species to another. Different environment or growth conditions can affect the ability of microalgae to grow and produce biomass. Thus, the main focus of this research is to determine the capability of POME-isolated microalgae to grow in synthetic media, as well as to compare their potential in producing biomass and biochemical products.
Materials and Methods Algae strain
Three species of microalgae, namely Chlorella sorokiniana UKM3, Coelastrella sp. UKM4, and Chlorella sp. UMACC324 were obtained from Algae Culture Room, Faculty of Engineering and Built Environment, University Kebangsaan Malaysia (UKM), Bangi, Selangor, Malaysia. All the species were previously isolated from palm oil mill effluent.
Preparation of media
Bold's Basal Media (BBM) is a freshwater algae medium that has been used to grow a variety of algal cultures. It was prepared by adding and mixing ten different components. BBM stock solutions (per litre) contain 25 g sodium nitrate (NaNO 3 ); 2. [31, 32] .
Preparation of inoculums
The POME-isolated microalgae stock cultures (10% v/v) were grown in Erlenmeyer flask (250 ml) containing 100 ml of synthetic media. Erlenmeyer flask opening was closed with sterile non-absorbance cotton wool. The culture was then incubated at constant room temperature (25±1 o C), shaken at 100 rpm using an orbital shaker with 24 hours illuminations. After 10 days, the cultures were ready to be used as inoculums when the OD reading reached 1.0 at a wavelength of 750nm. Sub-culturing the microalgae culture has to be done every month in order to ensure the viability of the culture.
Experimental procedure
The experimental vessels were made by converting 1 litre Erlenmeyer flasks into lab-scale photobioreactors. Microalgae cultures were sparged with ambient air that was supplied by the gas compressor. The opening flasks were closed using silicone stopper. The air was introduced into all the flasks through sterilised silicon tube at 0.5 vvm (gas volume flow per unit of liquid volume per minute), constantly. Cool white fluorescent lamps were uniformly aligned behind the photobioreactors. These artificial lights were continuously supplied at an intensity of 54 µmol m -2 s -1 . All sets of experiments were undertaken at room temperature (25±1 o C) in batch mode and each experimental condition was conducted in duplicate. The pH of growth medium was not maintained throughout the experiment period. The samples were taken every 24 hours for 14 days. Figure 1 illustrates the experimental set up of the three strains of POME-isolated microalgae. 
Optical density (OD)
The optical densities of growing cultures were measured by using portable spectrophotometer (HACH DR 2800, USA) at a wavelength of 750 nm [33, 34] . The specific growth rate, µ (day -1 ) of microalgae was calculated by using Equation (1) below:
where, x 1 and x 2 represent OD readings at 750 nm, while t 1 and t 2 are the time interval [35, 36] .
The maximum specific growth rate, µ max (day -1 ) was determined by using Logistic equation based on the optical density results. The rate of microalgae growth (dx/dt) is shown below [37, 38] .
At the beginning of growth where t = t o , the microalgae concentration was given by the initial concentration value (X = X o ). After integration, Equation (2) becomes:
where, X is the concentration of microalgae, X o is the initial concentration of microalgae, X max is the maximum value of the microalgae concentration, and t is the time during cultivation. The calculations were carried out using MATLAB R2013a programme.
Cell dry weight (CDW)
The microalgae biomass was determined based on cell dry weight method. The microalgae samples were taken and filtered using vacuum filter accompanied with Whatman GF/C filter paper (1.2 μm pore sizes). Then, these filter papers were allowed to be dried in the oven (DHG 9146-A, China) overnight at 105 o C until a constant weight was achieved. The cell weight was measured using an analytical balance (XB 220A, Switzerland) and calculated using Equation (4) . Besides, the biomass productivity of microalgae was calculated using Equation (5) below [11] .
where, X o is initial weight of filter paper (g), X f is filter paper weight after filtration (g), V is the volume of microalga culture (L), while X t and X o are dry weights (g.L -1 ) at time t and t o respectively.
The efficiency of CO 2 fixation was calculated in terms of CO 2 consumed by microalgae. The CO 2 consumption rate was calculated by using Equation (6) . It was derived from the typical molecular formula of microalgae biomass, CO 0.48 H 1.83 N 0.11 P 0.01 [39, 40] .
.88 x biomass productivity (6)
Chlorophyll content
The cultures were harvested and centrifuged at 5000 rpm for 10 minutes. The supernatant was discarded. Furthermore, in order to extract the pigments, the collected samples were re-suspended with 90% methanol until the biomass appeared colourless. The cell debris was then removed via centrifugation. The absorbance of the extracted solvent was measured against a blank solvent at the given wavelengths using a portable spectrophotometer (HACH DR 2800, USA). The chlorophyll content was estimated using the following equations [41] .
Chlorophyll a (mg.L 
Lipid content
The cultures were collected via centrifugation at 5000 rpm for 10 minutes. The supernatant was discarded. The lipid in microalgae cells was extracted using Folch method [42] . The collected cells after centrifugation were mixed with chloroform-methanol (2:1 v/v) and sonicated. An amount of 0.9% sodium chloride (NaCl) was added to the mixture and left overnight. Next, the lower phase was collected and allowed to evaporate to remove the organic solvent. Moreover, sulfuric acid was added to the samples and incubated in boiling water for 10 minutes. Then, 5 ml of sulfophospho-vanillin [43] was added and the samples were measured at 520nm. The lipid standard curve was established by using cholesterol. The values of lipid content (%) and productivity were calculated using the equations below [11] .
Lipid content (%) = 
where, W 1 is total biomass produced in day (mg.L -1 ), W 2 is total lipid content (mg.L -1 ), L is lipid content (%), Δt is duration of cultivation (day) and ΔW 1 is variation of biomass concentration (mg.L -1 ).
Results and Discussion Microalgae growth evaluation
Synthetic media are artificial and simplified media that are designed to provide nutrients for growth of freshwater algae, as well as for maintaining algal strains. In microbial cell suspensions, cell turbidity can be determined easily by using the optical density method [44] . However, inaccuracies can occur due to the existence of pigments (chlorophyll a and b) content. Thus, the suitable wavelength that minimises the pigment absorbance should be carefully selected. For algal suspensions, the error can be minimised by measuring the cell density at a wavelength beyond the range of chlorophyll contents, such as at 750 nm. In this experiment, all three isolated microalgae were cultured in batch mode for 14 days without any optimisation factor that might affect the growth and biochemical composition. The results indicated that each species showed similar trends and adhered to the standard growth curve for microalgae. The algal growth curves based on OD 750nm are shown in Figure 2 . All the microalgae underwent lag, exponential, and stationary phases when growing in synthetic media. Based on the graph, the lag phase of all the species was consistent from day 0 to day 4, followed by exponential phase (day 4 to day 10), and stationary phase (day 10 to day 14). However, the decline (death) phase was not achieved by day 14. The initial pH of BBM medium was around 6.9 to 7.1 and this value was observed to increase (up to pH 8.0) as the culture grew. The rise of pH levels is a good indicator as it shows that the microalgae are indeed growing in the culture medium. According to Borowitzka [45] and Goldman et al. [46] , the pH value usually increases due to the photosynthetic activity of microalgae. According to Dailey and Reish [47] , some algae species grow by increasing their cell number (cell division), rather than in size. The rate of cell division was varied according to the species and their living conditions. The increasing of algal biomass over a period of time is known as the new production or growth rate. Specific growth rate refers to the cell regeneration, which is the way of how fast the cells are dividing in a culture. Most of microalgae growth process can be explained by using the Logistic model. It is a common model of population growth with sigmoid profiles independent of substrate concentration [37] . The growth rates of each microalga species were calculated based on Equations (1) and (3). The results for growth rates are shown in Table 2 . The growth rate of microalgae can be altered by optimising and modifying the growth conditions. Besides that, the increase of inoculum density also can affect the algal growth. A study conducted by Griffith and Harrison et al. [48] stated that the growth rate, µ, decreased when the concentrations of inoculum increased. Thus, in this study, only one inoculum density at OD reading of 1.0 was used in all runs. Based on the results shown in Table 2 , Coelastrella sp. UKM4 achieved the highest growth rate, followed by Chlorella sorokiniana UKM3 and Chlorella sp. UMACC324. In addition, Tamil Selvam [49] discovered that the specific growth rate for Chlorella sorokiniana in BBM medium was 0.18±0.01 d -1 . This value is slightly lower than the result obtained in this study, whereby µ attained by Chlorella sorokiniana UKM3 was 0.20±0.05 d -1 . Meanwhile, according to Vello et al. [50] , the specific growth rates for Chlorella sp. UMACC322 and UMACC325 were 0.49±0.02 d -1 and 0.51±0.1 d -1 , respectively. The values are higher compared to the growth rate displayed by the Chlorella strain in this study. The variation of algal growth rates usually related to the growth conditions and algal requirements [5] [6] [7] .
Moreover, primary productivity was obtained by measuring the increase in biomass over a period of time. Productivity or called yield in mass algal culture differs from standing crop biomass. A standing crop can be described as the total dried biomass of the living organisms present in a given environment. The total biomass of standing crop may be high, but the productivity would be low. Occasionally, low biomass content shows high productivity and specific growth rates, or possibly the other way around. Maximum yield or productivity is usually obtained at intermediate densities and growth rates, while maximum growth rates usually occur at lower density. High densities cause slower growth rates due to several limiting factors, which alter the biochemical aspect within the cells. Besides, algal biomass would continue to increase until a factor limits its generation [51] . The shadowing effect also can cause a decrease in specific growth rates but higher biomass concentrations can be achieved. Furthermore, in a condition where light or nutrients are limited, low biomass concentration and high specific growth rates are expected to occur in the cultivation systems [52] [53] [54] .
In this experiment, Coelastrella strain attained higher biomass productivity (0.07±0.02 g.L -1 .d -1 ) in comparison to Chlorella sorokiniana and Chlorella sp. The productivity results are comparable with the microalgae growth rate. The higher productivity and growth rate achieved by Coelastrella sp. UKM4 showed that this microalga has the potential to be cultivated in a large-scale production to generate biomass for fertilisers, animal feed, and other products. However, Minhat et al. [55] reported that the biomass concentration of Chlorella sorokiniana UKM3 in BBM was 2.52 g.L -1 , which is higher than the result obtained in this study. The results of biomass concentration, productivity, and CO 2 consumption rates are presented in Table 3 . The consumption of CO 2 is related directly to the biomass production. As the biomass increases, the consumption rate also increases. Therefore, Coelastrella sp. has the potential to be used in carbon sequestration process compared to other strains. 
Biochemical content evaluation
Pigmentation and storage product are important criteria in the classification of algae. Different groups of algae exhibit various colours due to the differences found in pigmentation. All the microalgae species used in this study are members of the division Chlorophyta or green algae. The pigments of green algae are chlorophyll a and b, whereas their accessory pigments are carotenoids and xanthophylls. Chlorophyll (green pigment) is an extremely important biomolecule for photosynthesis and growth. Furthermore, microalgae with high pigment content have the potential to be used as sources of dyes [6, 7] . In this experiment, microalgae were treated using methanol to extract the chlorophyll content. Figure 3 illustrates the amount of chlorophyll content in each species. Based on the graphs, Chlorella sorokiniana UKM3 showed the highest chlorophyll content (Chl a+b) which is 26.84±1.76 mg.L -1 at day 13. This value is higher compared to the result obtained by Tamil Selvam [49] , which is 12.24±0.48 mg.L -1 . As for Coelastrella sp. UKM4, the chlorophyll content was the highest (26.47±6.14 mg.L -1 ) at day 10, while Chlorella sp. UMACC324 was at day 13 (26.21±0.49 mg.L -1 ). The chlorophyll content for all the species began to increase drastically from day 3 until day 8 before reaching stationary state. After day 11, the chlorophyll content in Coelastrella sp. showed a reduction (19.63 mg.L -1 ). The reduction of chlorophyll content is directly related to the reduction of photosynthesis activity [56] . Besides, both Chlorella strains showed better performance in terms of chlorophyll availability compared to Coelastrella sp. at the end of cultivation. Although the microalgae used in this study are from the same division, the chlorophyll content presented in each species differed slightly. However, the amounts have been comparable with each other. Algae store their lipids in various ways; depending on the species, growth conditions and also the growth stage when microalgae are harvested. When algal cells are actively growing, the major lipids found within the cells are in the form of glycolipids and phospholipids. The overall lipid profile changes when algae enter a less active growth phase or encounter environmental stress. Algae will slow down their rate of proliferation and start to store Triacylglycerides (TAGs) as the dominant lipid in cell vacuoles [19, [57] [58] [59] . In this experiment, microalgae lipids were extracted by employing the Folch method and then estimated using the sulfophospho-vanillin (SPV) method. Furthermore, the lipid content was calculated by using the cholesterol standard curve. Figure 4 shows the lipid content (mg.L -1 ) for each microalga, while Table 4 presents the percentages of lipid content and lipid productivity. [49] reported that Chlorella sorokiniana attained 72.14±2.01 mg.L -1 of lipid content, which is higher than the result obtained in this study. According to Sarmidi [60] , the variation of lipid content in microalgae cultured in batch mode is directly related to the culture age, as well as nutrient depletion.
Conclusion
This study examined the growth rates and biochemical compositions of POME-isolated microalgae when cultured in synthetic media. Coelastrella sp. UKM4 showed better performance in terms of growth rates, biomass concentration and lipid content. However, Chlorella sorokiniana UKM3 exhibited the highest chlorophyll content compared to other species. The studies pertaining to the microalgae growth are definitely useful and offer important data for cell growth optimisation process, besides understanding their adaptability in different growth conditions. The biochemical products generated by microalgae are also economically useful in various industries for a wide range of purposes. Microalgae species with high growth rate and biochemical content have the potential to be used in the production of biofuels, dyes, and other high valuable products. Therefore, future work is required to fully characterise the microalgae compositions in order to predict its potential for the future development of algae-based industries.
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